The toxicity of dimethyl sulfoxide (Me2SO) was examined in HeLa cells cultured at 37°C for up to 72hr. The growth of the cells was measured by a colorimetric method with the use of 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), which gave good correlation between the cell numberand the color development from the reduction of MTTunder suitable conditions. Whenthe initial number of cells was 3x 104/ml, Me2SOat 1%or less had no apparent effect on prolifiration for up to 48 hr of incubation, but in longer incubations, cell growth was repressed. When the initial number of cells was 3 x 105/ml, the effect of Me2SOwas similar.
Dimethyl sulfoxide (Me2SO) is not only a cryoprotectant, but also widely used as a solvent for compounds insoluble in water.1}
Studies have been done of the toxic effects of Me2SOon cells when used as a cryprotetant,2'3)
but they used only short periods of exposure of the cells to the Me2SO as the cells were frozen and thawed. However, in experiments done to evaluate the effects ofa water-insoluble compounddissolved in Me2SOon cultured cells, long-term experiments are needed, therefore the effect of Me2SOwhen cells are exposed to small quantities of it for a long time should be worked out. Cell culture is in use for the prediction and testing of the biological effects of bioactive compounds, some of which, such as mycotoxins, are water-insoluble but readily soluble in Me2SO.4~6) The maximumsafe quantity of Me2SOas a solvent for use in assays ofa few days should be evaluated. HeLa cells, which are used for the examination of the cell toxicity of various compounds, were chosen for this study. We studied the toxicity of various concentrations on Me2SO,from 0.1% to 15%, at 37°C; the ususal incubation temperature for cell lines, for up to 72hr of incubation.
To measure cell activity, the incorporation CO2 incubator (Hirasawa Works Co., Ltd., Tokyo). HeLa cells of full con fluent stage in plastic flasks (25ml-flask, Nunc, Intermed Roskilde, Denmark) were used for the experiments. To prepare cell suspensions, the mediumin the flask was removed by aspiration and the attached cells were rinsed with 3 ml of phosphate-buffered saline (PBS) and then with 1 ml of ethylenediaminetetraacetate (0.2% Na2EDTA). Then 0.5 ml of trypsin (0.25% crude trypsin) was added and the flask was left for 2 or 3min to allow the cells to detach themselves from the flask. Then 2ml of DMEcontaining 10% FBS was added. A homogeneous cell suspension was madeby repeated pipetting. Cells were collected by centrifugation at 800xg for 1 min at room temperature. The cells were resuspended in 3 ml of DME containing 10%FBS. The number of cells was counted with a hematocytometer. Cell suspension of6 x 104 cells/ml and 6 x 105cells/ml were used.
Addition ofMe2SO.Ten concentrations of Me2SOfrom 0 to 15% were made in DMEcontaining 10% FBS, in sterile conditions. Twosets of 96-well micro-plates (Nunc) were prepared, one with 3 x 103cells/well and the other with 3 x 104cells/well. To prepare these sets, 50fi\ of the cell suspension of6x 104 or 6x 105 cells/ml was added to a well followed immediately by 50p\ of the medium with FBS and Me2SO. The final concentration of Me2SOin the wells was 0.1% to 15% (v/v). The cells in the micro-plates were incubated at 37°C and a 5% CO2 atmosphere.
MTTcolorimetric assay. The colorimetric assay of cell survival and proliferation was done by the method of Mosmann7) with some modifications, as follows. To each well, 10 or 20//I of MTT (5mg/ml) was added and the plate was incubated at 37°C for 4hr. After the reaction of the cells with MTTfor 4hr, the contents of each well was tranferred to a test tube and a given volume of acid-isopropanol (0.04 n HC1 in isopropanol) was added to extract the MTTformazan. The 200[A of the mixture was taken into a well of the micro-plate and the absorbance was read with a micro-plate reader (Tosoh MPRA-4) at Microscopicobservation. Photomicrographsof cells were taken using an inverted microscope (IMT-2, Olympus) equipped with a camera (OM-10, Olympus). formazan to 100//I of medium including cells in a well of 96-well plates gives a linear relationship between the absorbance and the number of cells in a well. However, in our study using HeLa cells, 10//I of MTT was not found to be enough to act as a substrate for all of the active cells (Fig.  1A) , and 100/il of acid-isopropanol was not enough to dissolve all of the reduced product; blue formazan ( There was 20^1 of MTT dye (5mg/ml) in the wells. accurately noted with the MTTassay as shown below. Figure 3 shows the production of blue formazan by the active cells after reaction with MTT. Only treatment with 0.1 % Me2SO gave similar absorbance to that of the control wells up to 24 hr of incubation. With longer incubation (48 or 72hr), the absorbance was less than in the control wells. Higher Me2SOconcentrations, from 2% to 15%, gave lower absorbance even at 3 and 6hr of incubation. Figure 4A shows that the absorbances of the test and control wells were lower at Ohr than at 3hr of incubation. This maybe because cells were not attached to the surface immediatly after seeding, and the cells were not metabolically as active as at 3 hr of incubation, whenthe cells were already attached to the suface. Figure 4B shows the absorbance in relation to the Me2SOconcentration up to 72hr of incubation.
Results

Conditions of the MTTassay
It is found that there was no significant difference in the toxic effect of Me2SOat concentrations from 0.1% to 1% up to 24hr. At higher Me2SOconcentrations, absorbance decreased; that is, the number of cells descrased. At 72hr of incubation, wells with 4% or more Me2SO had absorbance similar to that of the wells without cells, which indicates that at these concentrations, all of the cells had died or had no metabolic activity. The inset in Fig. 4B shows the percetage cytotoxicity of Me2SOin relation to the incubation time. With a short incubation period, such as 24hr, 50% cytotoxicity arose from 11% Me2SO, but with longer incubation, the amount of Me2SOthat caused 50%cytotox-icity decreased. At 72hr of incubation, 0.5% of Me2SO or less caused 50% cytotoxicity.
Effects ofMe2S0 on HeLa cells with 3x 104 cells/well Up to here, the initial cell number used in the experiments was 3x103/well (3x 104/ml). Then, the effect of Me2SO on cells was examined when the initial number of cells was raised to 3 x 104/well (3 x 105/ml). Figure 5 shows Me2SOcaused little toxicity within 6 hr of incubation of cells at 3 x 104/well. At 48hr, the cells in the well without Me2SO proliferated well, but the addition of Me2SO at even 0.1% inhibited cell growth, and with 1% or more toxicity was apparantely detectable. When the initial number of cells was 3 x 103/well, the cells were in the logarithmic phase until 96hr, but when the initial number of cell was 3 x 104/well the longarithmic phase was kept up to 48hr. That means after 48hr, the cells were con fluent.
Discussion
With the used of 10//I of MTT and lOO/il of acid-isopropanol, which was used by 
